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The PIAAC longitudinal study 
in Germany: rationale and design
Beatrice Rammstedt1*, Silke Martin1, Anouk Zabal1, Claus Carstensen2 and Jürgen Schupp3
The Organisation for Economic Co-operation and Development (OECD) initiated the 
Programme for the International Assessment of Adult Competencies (PIAAC) in 2008 
with the aim of assessing basic skills of the adult population in an internationally compa-
rable way. The skills assessed—literacy, numeracy, and problem solving in technology-
rich environments—are considered to be essential for successful participation in mod-
ern society and to be a foundation for developing numerous other, more specific, skills 
or competences (OECD 2013a).1 PIAAC provides information about the extent to which 
the adult population in the participating countries differs in terms of the basic skills 
assessed. Moreover, it examines factors associated with the acquisition, retention, and 
maintenance of these skills, and sheds light on their effects on social and, in particular, 
economic participation.
The PIAAC strategy entails repeating a cross-sectional survey design at regular inter-
vals. The data collection for the first round of PIAAC was conducted in parallel in 24 
countries—including Germany—in 2011/2012. This first round, the results of which 
were published in 2013, marked the starting point of this multi-cycle program. Further 
cycles are planned at 10-year intervals and will allow us to monitor and analyze how key 
skills are changing in our adult populations.
In each country participating in PIAAC, a sample of at least 5000 adults (aged 
16–65 years) was randomly selected from the target population in order to achieve unbi-
ased and representative pictures of all countries. In Germany, a two-stage register-based 
1 The terms skills and competences are used interchangeably in this article.
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In Germany, the respondents who had participated in the 2012 survey of the Pro-
gramme for the International Assessment of Adult Competencies (PIAAC) were 
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sampling approach was implemented. Compared to other large-scale surveys conducted 
in Germany in recent years, fieldwork for PIAAC in Germany was quite successful, 
achieving a response rate of 55%. Approximately 5400 interviews were carried out as 
computer-assisted personal interviews (background questionnaire) followed by a self-
administered skills assessment (in the presence of the interviewer), which was usually 
computer-based, but with an optional paper-based version. On average, the administra-
tion of the background questionnaire and the cognitive assessment lasted 1 h and 40 min 
in Germany (see Zabal et al. 2014). In order to obtain permission to re-contact German 
PIAAC respondents, at the end of the interview they were asked whether they would be 
tentatively willing to participate in a follow-up study.
In summary, the resulting data in each country participating in PIAAC provide esti-
mates of the literacy, numeracy and problem-solving (in technology rich environments) 
skills of the adult population and offer the possibility of comparing and contrasting these 
skills with sociodemographic and other background variables as well as with skills use in 
the workplace and in daily life. The international data from this first round of PIAAC are 
available as public use files via the OECD website.2 In addition, more comprehensive 
data sets are available as national scientific use files for several countries, including 
Germany.
The motivation and context of the German longitudinal follow‑up
The PIAAC data provide detailed information about the level and distribution of the 
basic skills in the adult population in the participating countries. However, due to 
the fact that limited time was available for the PIAAC interview and thus also for the 
administration of the background questionnaire, only a somewhat restricted amount of 
background information could be collected. Thus, while the PIAAC background ques-
tionnaire included the key predictors and social and economic outcomes of the basic 
skills measured in the assessment, the number of background variables was by necessity 
limited. These limitations constrain the extent to which the PIAAC data allows to inves-
tigate key predictors and outcomes of the PIAAC skills and how extensively research 
and policy questions can be addressed. Hence, central survey questions, for example (a) 
how competences are acquired, (b) how skill use helps individuals to maintain and fur-
ther develop skills, (c) how skills shape labor market outcomes and job mobility over the 
life course, and (d) whether adults are prepared for the challenges of modern knowledge 
societies (see OECD 2013a) can be answered only partially on the basis of these data.
In addition to the need to further enrich the background information for the PIAAC 
data, the investigation of skill maintenance and development versus skill loss can be 
thoroughly investigated only by using longitudinal data. Only a longitudinal design can 
disentangle whether self-selection into certain professions might be a crucial determin-
ing factor in the correlation between earnings and competences.
The cross-sectional design used in PIAAC allows an initial exploration of the asso-
ciations between background variables and the cognitive skills assessed. However, find-
ing, for example, an association between skills and participation in continuing education 
might indicate that participation in continuing education helps to maintain cognitive 
2 http://www.oecd.org/skills/piaac/publicdataandanalysis/.
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skills. Another interpretation could be that such an association indicates that higher 
skilled people have a greater tendency to participate in continuing education (without 
this necessarily having any further effect on their cognitive skill level). To investigate 
which of the two hypotheses is more appropriate, a longitudinal design is needed. Only a 
prospective panel design can provide insights into the effects of basic skills for example 
on (a) participation and opportunities or risks in the labor market, e.g. income or unem-
ployment, (b) participation in continuing education as outlined above, and (c) causes for 
skill maintenance and development.
As mentioned above, fieldwork in PIAAC Germany was quite successful as evidenced 
by the response rate of 55%. Although Germany ranks in the lower midfield compared 
to other countries participating in PIAAC (OECD 2013b), in comparison to other large-
scale face-to-face surveys in Germany conducted in recent years the achieved response 
rate of 55% is extraordinarily high. For example, the German General Social Survey 
(ALLBUS) obtained response rates between 34 and 38% in the last years (Wasmer et al. 
2012, 2014). Similarly in the last rounds of the European Social Survey (ESS) Germany 
realized response rates of 33% on average (European Social Survey 2012, 2014). Hence, 
as the methodological standards for, and the costs of, PIAAC sampling and fielding 
were very high, and the German PIAAC sample is of extremely high quality compared 
to other German samples, it would have been a waste of a high-potential sample not 
to make use of it for further investigations. This is even more the case due to the fact 
that 98% of PIAAC respondents could be re-contacted and this was considered to be an 
excellent starting point for a follow-up study. Finally, re-using the PIAAC sample also 
incurred substantially lower costs.
Given the need to enhance the background information within PIAAC and the interest 
in obtaining longitudinal follow-up data on the PIAAC participants, a PIAAC longitudi-
nal study (PIAAC-L) was initiated in Germany. Funded by the German Federal Ministry 
of Education and Research, PIAAC-L has been implemented as a joint research project 
on the part of the following three key institutions in the field of social sciences in Ger-
many who have substantial experience in one or more areas central to PIAAC-L, namely 
the assessment of adult skills, the collection of background information, and conducting 
panel surveys:
GESIS—Leibniz Institute for the Social Sciences has first-hand expertise in PIAAC, 
as it was commissioned by the Federal Ministry of Education and Research to act as 
National Project Manager for PIAAC Germany. In addition, GESIS conducts several 
large-scale national and, in particular, international surveys on a regular basis.
The German Institute for Economic Research (DIW Berlin) has coordinated the key 
longitudinal household survey of income and living conditions in Germany, the German 
Socio-Economic Panel (SOEP), since 1984.
The Leibniz Institute for Educational Trajectories (LIfBi) is the coordinator of the 
National Educational Panel Study (NEPS), a project that collects longitudinal data on 
educational processes from early childhood to adulthood in Germany.
In order to combine expertise from these three central longitudinal and cross-sec-
tional surveys, a consortium was constituted under the aegis of GESIS. All three 
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institutes are experienced in research data infrastructures and are members of the Leib-
niz Association.3
Some of the other countries that participated in the first round of PIAAC have also 
followed up on their PIAAC respondents. In Canada, a subset of the sample persons for 
the Canadian longitudinal social survey Longitudinal and International Study of Adults 
(LISA) also participated in PIAAC and these respondents are being re-interviewed bien-
nially as part of the longitudinal household survey. There was also a Polish follow-up 
study on PIAAC (postPIAAC), which collected longitudinal and additional background 
information on the PIAAC respondents in one additional wave of data collection 
(2014/2015) and also implemented some basic cognitive skills tests as well as a basic ICT 
skills test. Finally, a follow-up of PIAAC in Italy (also in 2014/2015) gathered longitudi-
nal information on Italian PIAAC respondents and focused on obtaining more data on 
their non-cognitive skills. However, of all the PIAAC panel surveys, only the German 
PIAAC-L has carried out a second assessment of literacy and numeracy using PIAAC 
instruments (see description of Wave 2).
The design of the German PIAAC longitudinal study
PIAAC-L was designed to follow up the German PIAAC 2012 respondents that could be 
re-contacted for a prospective PIAAC-related survey (n = 5225 individuals referred to in 
PIAAC-L as “anchor persons”)4 over three additional waves of data collection, combin-
ing research questions and measurement instruments from PIAAC, NEPS, and SOEP, 
and extending the focus by also including adult members of the anchor persons’ house-
holds. Each of the three waves had a particular focus (cf. Table 1).
The first follow-up wave was conducted in 2014, and thus approximately two years 
after the PIAAC 2012 assessment. It focused on collecting additional background infor-
mation. All respondents (anchor persons and additional household members aged 
18  years and older) were administered a comprehensive CAPI questionnaire (average 
duration: approximately 45 min) mainly consisting of items and questions regularly col-
lected in the SOEP (see Wagner et al. 2007). It collected, among other individual charac-
teristics, additional information on education and work history, employment situation, 
income, family background, place of origin, health status, religious affiliation, and time 
use (an overview of the concepts assessed in each of the three waves is provided in 
“Appendix”). To obtain more context information on the household, a separate house-
hold questionnaire (duration: 15 min on average)—similar to that applied in the SOEP—
was administered. This questionnaire collected information on household income, living 
situation, living conditions and costs, as well as varied information on household mem-
bers—especially children.
The second follow-up wave, which was conducted in 2015, concentrated on the assess-
ment of basic skills and the repetition of several questionnaire items from PIAAC (full 
interview duration: 100 min on average). Therefore, the central skills assessed in PIAAC, 
namely literacy and numeracy, were re-assessed for all anchor persons.5 In addition, as 
3 http://www.leibniz-gemeinschaft.de/en/infrastructures/.
4 As outlined below, a household design was adopted in PIAAC-L. In order to differentiate between respondents ini-
tially recruited within PIAAC and the additional participating household members, the original PIAAC respondents are 
referred to as “anchor persons”.
5 PIAAC-L does not include the domain problem solving in technology-rich environments in its cognitive assessment.
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one of the central methodological aims of PIAAC-L was to compare the different 
approaches to skills assessment and their operationalization in PIAAC and NEPS, the 
corresponding competence tests from NEPS for reading (comparable to literacy in 
PIAAC) and mathematics (comparable to numeracy in PIAAC) were also administered 
in the 2015 wave. Hence, both the PIAAC and the NEPS assessment instruments were 
administered in parallel using a randomized design with eight test conditions for the 
anchor persons. This design is illustrated in Table 2. As can be seen from the table, each 
anchor person completed either (a) the PIAAC numeracy and literacy instruments, or 
(b) the NEPS math and reading instruments, or (c) either the PIAAC literacy instrument 
and the NEPS reading instrument or the PIAAC numeracy instrument and the NEPS 
math instrument.
Besides the anchor persons, their spouses or partners living in the same household 
were interviewed and tested in the 2015 wave. However, spouses and partners were 
administered only the NEPS instruments for reading and mathematics, with just two 
different assessment conditions (in the second condition, the instruments were admin-
istered in reverse order). The resulting data thus enable similarities and differences in 
competences within couples to be compared.
Both skills assessments were administered under the same conditions as in PIAAC or 
NEPS, respectively. While the PIAAC assessment was computer-based by default, with 
an optional paper-based version for a small number of respondents who lacked 
Table 1 PIAAC‑L design and sample size for each of the three follow‑up waves
N (Gross), number of persons (e.g. anchor persons) that were fielded; N (Net), number of realized interviews; RR, field 
response rate (gross/net) for anchor persons
a The gross sample for the additional adult household members is based on the number of adults in the households of 
participating anchor persons as indicated in the household protocol
b A few specific non-interview dispositions, e.g. persons who were unavailable during field period in Wave 2, were included 
in the gross for Wave 3
Year Wave Unit Focus N RR (in %)
Gross Net
2014 Wave 1 Anchor person Extensive background information 5225 3758 71.9
Additional house-
hold members
Extensive background information 4214a 2473
Household Household composition, living conditions 5225 3737
2015 Wave 2 Anchor person Direct assessment of key competences (PIAAC 
numeracy and literacy; NEPS math and 
reading), PIAAC background variables and 
additional information
3758 3263 86.8
Spouse or partner Direct assessment of key competences (NEPS 
math and reading), PIAAC background vari-
ables and additional information
2103 1368
2016 Wave 3 Anchor person Basic cognitive competences (SOEP), exten-
sive background information, alternative 
question operationalizations
3510b 2967 84.5
Additional house-
hold members
Basic cognitive competences (SOEP), soci-
odemographic characteristics, alternative 
question operationalizations
3165 1915
Household Household composition, living conditions 3510 2946
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computer experience, the NEPS assessment was paper-based only.6 Respondents taking 
the PIAAC assessment had unlimited time to solve the tasks, whereas respondents tak-
ing the NEPS assessment were timed by the interviewer and were allowed up to 28 min 
per domain. The administration of both timed and untimed tasks within the cognitive 
assessment is an innovative component of PIAAC-L.
In addition to the cognitive instruments, all respondents were administered a com-
paratively short background questionnaire which focused on central questions from the 
PIAAC questionnaire, for example on education, work status, and occupation. Some 
alternative measures to those implemented in PIAAC were also included, for example 
a module on skills use at work, which was conceptually similar to that administered 
in PIAAC but with a different operationalization (taken from the NEPS). In addition, 
efforts were made to collect a wider range of information relevant to the cognitive 
assessment, for example more information on computer experience and health. Given 
the design of the second wave of data collection, the questionnaire also included a mod-
ule administered to the spouse or partner of the anchor person. A set of plausible values 
for the competence data will provide the basis for comparing PIAAC test performance 
over time, for comparing the actual test instruments from PIAAC and NEPS, and for 
analyzing the competence data within couples.
The third follow-up wave, which was conducted in 2016, again included all members 
of the anchor person’s household who were aged 18 years or over. In this wave, detailed 
background information—especially updates of previous information—was collected. 
The average duration of the person questionnaire and of the household questionnaire 
was 45 and 10  min, respectively. In addition, alternative operationalizations of par-
ticular constructs initially assessed in PIAAC were tested in this wave. They included 
an extended and re-worked module for measuring continuing education and revised 
questions to assess skill mismatch (Perry 2016; see also McGowan and Andrews 2015). 
These modules, and a number of other new items, were developed by researchers from 
the PIAAC Leibniz Network, a collaborative project of eight German Leibniz institutes; 
6 In PIAAC, computer-based and paper-based administration could also occur within a single interview: respondents 
with low literacy and numeracy skills in the computer-based assessment subsequently worked on paper-based Reading 
Components tasks (OECD 2013b). Mixing modes in the assessment in this way thus proved to be feasible and unprob-
lematic.
Table 2 Design, sample sizes and mean durations for competence measurement in PIAAC‑
L Wave 2
Numbers of cases and average duration time do not include assessment break-offs
Condi-
tion 1
Condi-
tion 2
Condi-
tion 3
Condi-
tion 4
Condi-
tion 5
Condi-
tion 6
Condi-
tion 7
Condi-
tion 8
1. Measure Reading 
(NEPS)
Math 
(NEPS)
Literacy 
(PIAAC)
Numeracy 
(PIAAC)
Reading 
(NEPS)
Literacy 
(PIAAC)
Math 
(NEPS)
Numeracy 
(PIAAC)
2. Measure Math 
(NEPS)
Reading 
(NEPS)
Numeracy 
(PIAAC)
Literacy 
(PIAAC)
Literacy 
(PIAAC)
Reading 
(NEPS)
Numeracy 
(PIAAC)
Math 
(NEPS)
N 408 403 404 408 395 388 396 395
Mean 
duration 
(min-
utes)
64 66 57 56 70 66 63 64
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the PIAAC Leibniz Network aims at further analyzing, advancing, and disseminating 
PIAAC, and thus also PIAAC-L.
In addition to the background information, basic general cognitive skills of all respond-
ents (i.e., anchor persons and all other participating adult household members) were 
assessed. For this purpose, short general cognitive tasks used in the SOEP were adminis-
tered. The two ultra-short cognitive performance tasks allow for a reliable assessment of 
general intellectual ability and distinguish between two components of intellectual func-
tioning: cognitive mechanics and pragmatics (see Richter et al. 2013).
To facilitate analyses of the competence data and the repeated measures, plausible 
values, which are the state of the art in analysis techniques for large-scale assessment 
data, will be provided, adopting the procedures from PIAAC as far as possible. Plausible 
values capture latent estimates for relations between competence measures and context 
data (OECD 2013b). With the additional data assessed in PIAAC-L, additional sets of 
plausible values will be needed for analyses. As a first step, the additional context data 
will be taken into account (first set of plausible values). As a second step, the repeated 
measurement of PIAAC literacy and numeracy will be included in an extended scal-
ing and analysis model to enable longitudinal analyses (second set of plausible values). 
Furthermore, the analysis of the dyadic competence and context data will also require 
another extended item response model (third set of set of plausible values). For all three 
additional models presented, the complexity and the amount of context data in PIAAC-
L constitutes a methodological challenge that will have to be addressed, as the standard 
techniques for generating plausible values might not work. Thus, alternative approaches 
in drawing plausible values by reducing the number of context variables either statisti-
cally or by theoretical selection and combinations thereof will be evaluated.
To account for selectivity, in each PIAAC-L wave weighting factors (nonresponse and 
cross-sectional) for each participating anchor person are computed and provided to the 
data users (see Bartsch and Poschmann 2016, for documentation on weighting in wave 1).
Analytic potential
The extended and longitudinal data based on the German PIAAC 2012 sample provide 
researchers with a vast range of opportunities for addressing different research ques-
tions regarding skill development and sustainability—in particular skill development in 
adulthood as a function of central social and demographic circumstances, the effects of 
basic skills on labor market participation, careers, and unemployment, and, finally, the 
effects of basic skills on educational and employment mobility over the life course. The 
extended background information collected in the three waves of PIAAC-L also enables 
the investigation of the relationship between basic skills assessed in PIAAC and various 
constructs, such as central non-cognitive skills (see Rammstedt et al. 2016a, 2017), life 
satisfaction (Danner et al. 2016), and health.
In addition, the PIAAC-L data also enable methodological research questions to be 
addressed. For example, the PIAAC-L design makes it possible to compare the com-
petence measures used in PIAAC, NEPS, and the SOEP. PIAAC-L was also set up to 
investigate alternative operationalizations of central constructs assessed in the PIAAC 
background questionnaire, such as skill mismatch and participation in continuing edu-
cation. In addition, the longitudinal design allows panel attrition to be investigated, 
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especially with regard to the anchor persons’ competence levels. Preliminary results pro-
vide first indications of possible nonresponse bias within PIAAC-L with regard to this 
key outcome variable (Rammstedt et al. 2016b).
Finally, the extension of the design to include the entire household and to measure 
the competences of the anchor person’s spouse or partner offers additional insights, for 
example into skill formation (Cunha et al. 2010) in the course of professional careers and 
educational trajectories and into assortative mating.
The above list of potential research questions is by far not exhaustive nor does it pre-
determine any prioritizing of the different endeavors.
Data availability
Data from the three waves of the PIAAC-L study as well as accompanying documenta-
tion—including the questionnaires (in German), codebooks (in English), and technical 
reports (English)—are, or will be, available to researchers in the form of scientific use 
files through the PIAAC Research Data Center and the Data Archive at GESIS.7 Both 
German and international researchers interested in the data can submit a short applica-
tion. Users will be required to sign a data user contract and will then obtain access to the 
data free of charge.8 Data from the first PIAAC-L wave were published at the end of the 
first quarter of 2016;9 data from the second wave was published in an aggregated form 
with the first wave by the end of 2016,10 and the third wave will be available by the end of 
2017. For anchor persons, it will be possible to match data from all three PIAAC-L waves 
to data from the German PIAAC scientific use file.11 In addition, it is planned to link 
data of consenting anchor persons from PIAAC and PIAAC-L to microdata from the 
Federal Employment Agency.12 Access to these data will be made available through the 
Secure Data Center of the Statistics Department of the Federal Employment Agency.
From 2017 onwards, it is intended to include the remaining PIAAC-L participants 
and all other household members in the SOEP as a new refresher sample. In this 
course, information on the respondents will be updated according to the SOEP stand-
ardly assessed household and person information. In 2017, it is planned that PIAAC-L 
respondents will provide data on their current wealth situation. The future follow-ups 
will also be made available to the research community through the SOEP Research Data 
Center.
Conclusions
In sum, the resulting data from the German PIAAC longitudinal study allow a wide range 
of content-related and methodological research questions in the field of competence 
development and maintenance to be addressed, which would not be possible on the basis 
7 https://dbk.gesis.org/DBKSearch/SDESC2.asp?no=5989&db=E.
8 There is only a small handling fee of 20€ for 5 data sets.
9 GESIS—Leibniz Institute for the Social Sciences, German Socio-Economic Panel (SOEP) at DIW Berlin & LIfBi—
Leibniz Institute for Educational Trajectories (2016a).
10 GESIS—Leibniz Institute for the Social Sciences, German Socio-Economic Panel (SOEP) at DIW Berlin & LIfBi—
Leibniz Institute for Educational Trajectories (2016b).
11 Rammstedt et al. (2016c).
12 Data stored at the Federal Employment Agency include detailed information on income and occupational biography 
on an individual basis. In order to allow to link individual data from PIAAC and PIAAC-L with the Federal Employment 
Agency data, anchor persons had to give their informed consent.
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of PIAAC data only. Results of these analyses provide insights into the quality and predic-
tive power of the concepts assessed in PIAAC. These results furnish crucial information 
for the revision of the instruments for upcoming PIAAC cycles and also provide empiri-
cal evidence on alternative measures and their quality. Finally, and very importantly, the 
design of PIAAC-L also provides empirical evidence on additional concepts that could be 
included in upcoming cycles of PIAAC. For example, the Big Five personality domains—
the most highly used and most extensively researched personality approach (see for 
example John et al. 2008; McCrae and Costa 1999)—were assessed within PIAAC-L.13 In 
a recent analysis of the PIAAC-L data we were able to show that personality in terms of 
the Big Five and other concepts of non-cognitive skills prove to be highly predictive of 
numerous outcome variables measured in PIAAC (see Rammstedt et al. 2017).
From a national point of view, PIAAC-L has merged for the first time three distinct 
and very heterogeneous large-scale surveys conducted by three research data infrastruc-
ture institutes within the Leibniz Association in Germany. A direct comparison of meas-
ures such as the competence tests used in the different studies is thus possible using the 
PIAAC-L data. From a more general perspective, PIAAC-L can be regarded as a mile-
stone on the road to stronger collaboration between, and perhaps a partial integration of, 
different surveys studying overlapping concepts. For data users, this can, in the medium 
term, improve concept harmonization and operationalization and thus yield higher data 
quality and new insights into causal mechanisms of skill formation and the outcomes of 
cognitive skills over the life course.
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Appendix
Central constructs assessed in each of the three PIAAC-L waves:
Wave 1
• Household questionnaire (based on the SOEP core questionnaire)
• Living situation and costs
•  Income, benefits, and wealth
• Children and other household members
•  Person questionnaire (based on the SOEP core questionnaires):
• Family situation, family background, childhood
•  Biographic calendar: education and employment history
13 For a critique of the Big Five approach see Block (1995).
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•  Work status and work situation
•  Income and benefits
•  Personality and individual preferences
• Health and time use
Wave 2
• Questionnaire (based on PIAAC and other questionnaires):
• Education, work status, work history, occupation etc. (based on PIAAC)
•  Skills use at work (based on the NEPS questionnaires), and a self-assessment of 
literacy/numeracy
•  Extended information on computer experience and use
•  Languages, including mother tongue and foreign languages
•  Module administered to spouse or partner of the anchor person
•  Parental information
• Health, satisfaction, critical life events, leisure activities
•  Cognitive assessment instruments
• PIAAC Literacy (per default computer-based, optionally paper-based)
•  PIAAC Numeracy (per default computer-based, optionally paper-based)
•  NEPS Reading (including Reading Speed in certain assessment conditions; 
paper-based only)
• NEPS Math (paper-based only)
Wave 3
•  Household Questionnaire:
•  As in Wave 1
•   
•   Person questionnaire (similar to Wave 1 but somewhat abbreviated):
•   SOEP-based (longitudinal repeat of a subset of questions from Wave 1):
• Education
•  Work status and work situation
•  Personality
• Critical changes in family since last data collection
New items:
• Extended and improved module on continuing education
• Improved questions for skill mismatch
•   Cognitive assessment:
•  SOEP basic cognitive skills scale
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